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ABSTRACT 
 
The Orexin-A (hypocretin-1) is a neuropeptide secreted by neurons in the lateral hypothalamus. This protein regulates physiological 
and behavioural processes that have an essential impact on energy balance and metabolic status, physical activity, blood glucose 
levels, and food intake. Furthermore, that orexin-A regulates insulin sensitivity, energy expenditure and metabolic rate and is 
involved in immune processes and then regulate inflammatory response, with an anti-inflammatory action. Diabetes mellitus 
(T2DM) is a worldwide health problem associated with obesity and sedentary lifestyle. High glycaemic levels and lipid serum profile, 
low col-HDL, or hypertension and increased body mass index (BMI) are significantly associated with increased T2DM risk and with 
increased cardiovascular mortality and morbidity in T2DM patients. For these reasons the aim of this study is to evaluate the 
biochemical and anthropometric parameters, orexin-A levels by ELISA test and western blotting analysis, and inflammatory 
cytokines levels such as TNF-a, IL-8 and IL-10 by ELISA test in subjects affected by diabetes mellitus following an accurate 
physical activity program at baseline, after 3 months and after 6 months. We found that there is a ameliorate of many 
anthropometric and biochemical parameters; furthermore, there is a statistical increase of orexin-A serum levels already after 3 
months compared to baseline in T2DM subjects and also there is a strongly modulation in inflammatory cytokines expression. 
These found indicates that the physical activity has beneficial effects not only on anthropometric and biochemical parameters but 
also on orexin-A levels, and then on CNS. 
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INTRODUCTION 
 
Diabetes is a major cause of morbidity and premature mortality in many countries, in particular related to 
cardiovascular disease. It is associated with obesity and sedentary lifestyle. Type 2 diabetes mellitus (T2DM) 
is characterized by high glycaemic levels and lipid serum profile, low col-HDL, or hypertension and increased 
body mass index (BMI) increasing cardiovascular mortality and morbidity in patients affected by diabetes 
mellitus (Bruton et al, 2016). Physical activity and exercise is known to have a beneficial effect on a variety 
of physiological and pathophysiological conditions such as diabetes and/or cardiovascular disease, 
modulating blood pressure, lipid profiles, endothelial function, body composition and insulin sensitivity 
(Erickson et al, 2011). 
 
For these reasons, exercise is recommended for both the prevention of diabetes and the treatment of people 
with diabetes. In addition, physical activity improves general health preventing obesity and diseases 
correlated and reducing cognitive decline associated with age (Julian et al, 2018). It reduces chronic 
inflammation and oxidative stress through the modulation of many mediators such as pro-inflammatory and 
anti-inflammatory cytokines and also through the production of Orexin-A (Messina et al 2018). 
 
The Orexin-A (hypocretin-1) is a neuropeptide secreted by neurons in the lateral hypothalamus. This 
neuropeptide is an important link between peripheral energy balance and the CNS mechanisms (Messina et 
al, 2017). 
 
This hormone is influenced by various metabolic molecules such as glucose and leptin, acting on energy 
balance and metabolic status, blood glucose levels, and food intake (Cavaliere et al, 2018; Cavaliere et al, 
2019). 
 
Furthermore, that orexin-A regulates insulin sensitivity, energy expenditure and metabolic rate and is involved 
in immune processes and then regulate inflammatory response, with an anti-inflammatory action. The 
physical activity has an important act on Orexi-A production (Moscatelli et al, 2016), increasing Orexin-A 
levels. In the lights of these evidences, the aims of this study is to evaluate the biochemical and 
anthropometric parameters, Orexin-A serum levels and pro-inflammatory cytokines levels such as TNF-a, IL-
8 and IL-10 in a cohort of T2DM patients following a physical activity program at baseline and after three and 
six months. 
 
MATERIAL AND METHODS 
 
Participants 
Twenty T2DM patients (10 females, 10 males), aged between 50-65 years (mean 57 ± 4,5 years), 
volunteered to participate in the study. Written informed consent for participation in the study was obtained 
from every patient. This study was performed in accordance with the Declaration of Helsinki and approved 
by the local ethics committee. Participants were excluded if they had a prior medical history of renal 
insufficiency, hyperuricemia, severe hepatic insufficiency, atrioventricular block, heart failure, cardiovascular 
and cerebrovascular diseases, unbalanced hypokalaemia, neoplasms, pregnancy and lactation. The 
anthropometric and biochemical characteristics of the 20 included patients are evaluated at baseline and 
after three and six months of physical activity program. Blood tests were taken at baseline and 3 and 6 
months, after a 12h fast. Fasting blood samples were collected at 8:00 am from an antecubital vein, using a 
21G Vacutainer blood collection set (BD Diagnostics, Franklin Lakes, NJ, USA). Blood samples were 
centrifuged and the resultant serum stored at -80 °C, until use. 
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Physical activity protocol 
T2DM patients following this mixed exercise program. The protocol consist in 90 minutes per week in 2 
session. In the first time T2DM patients following an aerobic session, 20 minutes on treadmill (55-70% of 
VO2max). In the second step the patients are subjected to resistance exercise (65% of 1RM). The protocol 
provides transverse thrust movements, frontal traction movements of the upper limbs, distension of the lower 
limbs, trunk flexions for the abdominals and 3 stretching positions. In addition, the participants underwent 
echocardiography and cardiopulmonary exercise testing at baseline and 6 months. 
 
Biochemical assay 
As previously described serum orexin-A concentrations were determined by enzyme-linked immunoassay 
(ELISA), using a commercial kit, according to manufacturers’ instructions (Phoenix Pharmaceuticals, USA). 
Briefly, Sep-Pak C18 columns (Waters, Milford, MA, USA) were utilized to extract orexin-A from T2DM sera, 
before and after physical activity protocol (Valenzano et al, 2019). 
 
TNF-a, IL-8 and IL-10 serum levels were analysed by enzyme-linked immunosorbent assay (ELISA) using a 
commercial kit (BD Opt EIA for human TNF-α, IL-8, IL-10). All ELISA-tests were performed in triplicate and 
the protocols followed were according to the manufacturers’ instructions. 
 
In addition, we analysed Orexin-A serum by western blotting. Serum samples from T2 DM participants were 
quantified for total proteins by Bradford assay (Bio-Rad, Hercules, CA, USA), and 10 μg of total protein was 
loaded on 10% SDS-PAGE gels. The immunoblots were blotted with Orexin-A Antibody according to 
manufacturers’ instructions (Thermo Fisher USA). 
 
Statistical analysis 
Because this study used a "pre-post" design and the comparison of interest was the change from baseline 
to 3 and 6 months physical activity intervention, a two-tailed paired t test was used to test for statistical 
significance of outcome variables. Statistical analyses were performed using the StatView software 5.0.1.0. 
All data are presented as mean ± SE. A p value of ≤ .05 was used for statistical significance. 
 
RESULTS 
 
Anthropometric and biochemical parameters of T2DM patients before and after physical activity 
protocol 
Our results show a significant change in the anthropometric and biochemical parameters of T2DM patients 
before and after physical activity protocol. First of all, anthropometric parameters such as weight and BMI 
are statistically reduced in T2DM patients before and after physical activity intervention (Table 1). 
Furthermore, there is a strongly modulation of all biochemical parameters, such as glycaemic and lipid profile. 
Interestingly, as show ELISA test and western blotting analysis the Orexin–A levels in these patients after 
physical activity intervention are statistically increased already after three months (Figure 1). In addition, pro-
inflammatory cytokines levels such as TNF-a and IL-8 are strongly reduced after 6 months of physical activity 
protocol compared to before physical activity intervention. On the contrary IL-10 serum levels are strongly 
and statistical increased in T2DM patients after physical activity protocol (Figure 2). 
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Table 1. Anthropometric and biochemical parameters of T2DM patients before and after physical activity 
protocol. 
 T2DM  
 T0 T3 months T6 months p-value 
Age 57 ± 4.5   ns 
BMI (kg/m²) 29.19 ± 4.78 27.76 ± 3.62 25.5 ± 4.4 < .05 
Glycemia (mg/dl) 183 ± 8.9 128.4 ± 9.3 99 ± 7.5 < .05 
Total Cholesterol (mg/dl) 243 ± 10 173.91 ± 9.3 150.3 ± 7.5 < .05 
HDL (mg/dl) 40.13 ± 9.14 47.76 ± 9.14 68.2 ± 3.4 < .05 
LDL (mg/dl) 191.83 ± 6.48 107.57 ± 7.72 108 ± 7.72 < .05 
Triglycerides (mg/dl) 125.54 ± 5.27 83.25 ± 26.14 81.45 ± 2.7 < .05 
Total Bilirubin (mg/dl) 0.61 ± 0.22 0.65 ± 0.27 0.66 ± 0.17 ns 
Total Protein (g/dl) 7.8 ± 0.4 7.13 ± 0.4 7.01 ± 0.7 ns 
Azotaemia (mg/dl) 34.35 ± 8.43 35 ± 6.6 35.5 ± 7 ns 
Calcemia (mg/dl) 9.57 ± 0.33 9.72 ± 0.35 9.65 ± 0.27 ns 
Sodium (mmol/L) 139.19 ± 2.48 139.18 ± 2 138.9 ± 2.7 ns 
 
 
 
 
Figure 1. Orexin-A levels strongly modulated by physical activity in T2DM patients. Orexin-A serum levels 
statistically increased in T2DM patients before and after 3 months and 6 months physical activity protocol. 
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Figure 2. Pro-inflammatory and anti-inflammatory cytokines are modulated by physical activity in T2DM 
patients. TNF-a and IL-8 are decreased after 3 and 6 months of physical activity protocol; on the contrary IL-
10 are strongly increased after physical activity protocol. 
 
DISCUSSION 
 
Type 2 diabetes mellitus is a multifactorial disease characterized by elevated glycaemic serum levels, altered 
lipid profile and also hypertension. It consists in a mix of genetic and environmental factors (Chatterjee S et 
al, 2017). This epidemic is associated with increases in obesity and physical inactivity, so exercise would 
appear to be a key strategy for reversing this trend (Valenzano A et al, 2019).There is ample evidence that 
physical exercise protects against cardiovascular, bone and joint, and metabolic disorders such as diabetes 
and that it is an effective means in the prevention and treatment of certain types of cancer (Francavilla C et 
al, 2013, Francavilla et al, 2015). It follows than that physical well-being plays a central role in our lives. 
Physical activity improves cardiovascular performance and protects against many preventable diseases. We 
can consider the physical activity as a therapy in many metabolic and inflammatory disease and also in 
obesity and diseases correlated (Francavilla et al, 2017, Patti et al, 2017; Bianco et al, 2018). In this scenario, 
an important mediator related to obesity development and also physical activity is Orexin-A/Hypocretin 1, a 
neuropeptide synthesized in the lateral hypothalamus (Messina et al, 2016). It plays an important role in the 
regulation of appetite: indeed, a reduction in the amount of Orexin- A determines a reduction of appetite 
(Sperandeo et al, 2018). In addition, orexin-A regulates insulin sensitivity, energy expenditure and metabolic 
rate and is involved in immune processes and then regulate inflammatory response, with an anti-inflammatory 
action. The production of orexin-A by correct nutrition and by physical activity, has an important role in 
prevention of metabolic and inflammatory disease and also of the aging (Monda et al, 2019; Giuditta et al, 
2013). In the light of these evidences, in this study we evaluated Orexin-A serum levels and cytokines serum 
levels in a cohort of patients affected by type 2 diabetes mellitus. We found an increase of Orexin-A levels 
and IL-10 which are anti-inflammatory mediators and also we found a reduction in TNF-a and IL-8 serum 
levels which are pro-inflammatory mediators. Several studies supported our findings, indeed Kotz et al. 
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reported that Orexin-A is increased by physical activity (Kotz et al, 2006; Eyman et al, 2013). In addition, the 
plasma Orexin-A level was associated with physical activity in obese and overweight people, including many 
aspects of daily life, such as working, domestic work, and especially walking. A high Orexin-A level was 
related to moderately active movement in living habits (Kotz et al. 2006; Moscatelli et al, 2015; Messina et 
al, 2015). The higher Orexin-A tone is an endogenous factor that predicts physical activity, improving BMI 
and the energy expenditure aspect (Mazzeo et al, 2013; Viggiano et al, 2008; Sessa et al, 2018). In addition, 
literature data suggest that Orexin-A may be a potential therapeutic method for controlling obesity by 
regulating physical activity and energy expenditure. Furthermore, the beneficial effects of physical activity 
are not only on metabolic rate but also on cognitive aspects. Indeed, it improves cognitive performance also 
through the production of Orexin-A. (Colcombe et al, 2004; Erickson et al, 2011; Lindwall et al, 2008). In 
addition, the ameliorates of all biochemical parameters and in particular, of glycemia in these T2DM patients 
is also attributable to Orexin-A serum levels increased. Indeed, Gonzalez et al, 2012, reported that orexin 
neurons act as adaptive glucose sensors and are inhibited directly at higher glucose concentrations, 
suggesting that hyperglycaemia results in decreased orexin signalling (Burdakov et al, 2006; González et al, 
2012; Williams et al, 2008). Another important beneficial effect of physical activity is to reduce pro-
inflammatory response, as support by Ziegler et al, physical activity is able to reduce pro-inflammatory 
cytokines production, acting on sirtuine pathways and also reducing oxidative stress (Ziegler et al 2015). For 
these reasons, in T2DM patients physical activity protocol has beneficial effects not only on metabolic status 
but also on the inflammatory status, also reducing the risk of development correlated diseases to 
inflammatory state. 
 
CONCLUSION 
 
Physical activity may improve health status, it has an important role in the prevention and in the treatment of 
T2DM and its associated diseases and reducing cognitive decline associated with age. Therapies aimed at 
increasing physical activity would contribute to better clinical outcomes in the treatment of T2DM, obesity and 
metabolic syndrome, high-incidence diseases in developed countries (Perez-Leinghton et al, 2012). Our 
study show that these improvements also involved Orexin-A response and inflammatory cytokines. In 
conclusion, the increase of Orexin-A and IL-10 and the decrease of TNF-a and IL-8 concentrations 
corresponds to the improvement of wellness and may be used for controlling T2DM by regulating physical 
activity and energy expenditure. 
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